Grain samples were produced at 10 different locations in the Western Cape region of South Africa, on 2.1 m x 6 m experimental plots, over a period of three years. Twenty different cereal grain cultivars were used in the study. A randomised square experimental design with four replicates per sample was used. An area of 1.35 m x 5 m from each plot was harvested during 1994, 1995 and 1996 and the yield was determined. Thousand seed mass (TSM) and hectolitre mass (HLM) were also determined. Samples were analysed for dry matter (DM), ash, crude protein (CP), ether extract (EE), neutral detergent fibre (NDF), acid detergent fibre (ADF) and in vitro organic matter digestibility (IVOMD). Digestible energy values (DE) for pigs were determined with a mobile nylon bag technique, while non-structural carbohydrate values (NSC) were calculated. In the first analysis, cultivars were compared by a one-way analysis of variance, followed by pooling of grain type data. Naked oats had the highest DE value, and the respective values (DM basis) for naked oats, wheat, triticale, 2-row brewer's barley, 6-row feed barley and oats were 18.0, 16.0, 15.8, 14.9, 14.4, and 12.6 MJ/kg DM. The high EE value of naked oats (97 g/kg) might be partly responsible for the high DE value. The 6-row and 2-row naked barley cultivars had the highest IVOMD (946 g/kg and 944 g/kg), followed by wheat (910 g/kg), triticale (905 g/kg), naked oats (899 g/kg), 2-row brewer's barley (882 g/kg), 6-row feed barley (844 g/kg) and oats (671 g/kg). Considerable variation was found between samples within a cultivar for DE and IVOMD. Two-row naked barley had the highest mean CP value (159 g/kg) followed by naked oats (159 g/kg), 6-row naked barley (154 g/kg), wheat (148 g/kg), triticale (146 g/kg), oats (143 g/kg), 2-row brewer's barley (136 g/kg) and 6-row feed barley (135 g/kg) on DM basis. Triticale had the highest yield, with naked oats and barley cultivars having the lowest yield.
Introduction
Approximately 75% of the total cost of intensive animal production is due to feed costs (Brand, 2000) . Maize, which is traditionally the main energy source in diets of intensively fed animals, is grown mainly in the northern summer rainfall regions of South Africa. This leads to an additional transport cost of approximately 15% added to the price of maize in the Western Cape. Researchers have been forced, therefore, to investigate alternative grains that can be produced and used as a possible alternative in the Western Cape. An advantage of cereal grains vs. maize in diets is their higher protein content which allows lower inclusion levels of expensive protein sources, and hence a cost reduction of the final diet. Most of these cereal grains have been evaluated locally in balanced diets. These include barley (Kritzinger & Olckers, 1985) , naked oats (Brand & Van der Merwe, 1996) , wheat (Kemm et al., 1986) and triticale (Horsten, 1977; for monogastric animals, and barley (Brand & Swart, 1999; Lehmann et al., 2002) and triticale (Du Plessis, 1989; Griessel, 1991; Brand & Van der Merwe, 1996) for ruminants. Most of these studies indicate that maize can be replaced successfully by cereal grains, depending on the prices of both grain types. The current study was planned to obtain information on the variation in the chemical composition and energy value of different types and cultivars of cereal grains produced in the Western Cape area of South Africa. Such information is essential in the formulation of diets for optimal livestock production. plots at Aurora, Bredasdorp, Caledon, Ceres, Eendekuil, Hopefield, Moorreesburg, Riversdal, Riviersonderend and Swellendam over a period of three years. A complete randomised design (Snedecor & Cochran, 1980) with four replicates per sample was used. An area of 1.35 m x 5 m from each plot was harvested during 1994, 1995 and 1996 and yields were determined. Grain types and cultivars used in the study include: 2-row brewer's barley (cv Clipper), 2-row naked barley (cv Vloekskoot), 6-row feed barley (cv Cape-barley, Dayan, Galleon, SVG 13, Turkish), oats (cv Calgoa, Cederberg, Heros, Perdeberg), naked oats (cv Bandicoot), wheat/triticale (cv Alpha/Kiewiet), wheat (feed grade) (cv Alpha), wheat (baking quality) (cv Palmiet) and triticale (cv Kiewiet, Rex, SCR 13, Usgen 18, Usgen 19).
Thousand seed mass was determined with an automatic seed counter. Hectolitre mass of wheat and triticale was determined by using the upper level of a two level funnel, and that of barley and oats by using the lower level, as described by the South African Wheat Board (1986). Samples were analysed for dry matter (DM), crude protein (CP), ether extract (EE) and ash by standard analytical methods (AOAC, 1984) . Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined, as described by Van Soest (1963) and Van Soest & Wine (1967) . In vitro organic matter digestibility (IVOMD) was determined by the method as described by Tilley &Terry (1963) .
Total digestible nutrient (TDN) content was calculated according to the equation of Engels (1966) as: TDN (%DM) = [(100 -% ash)/100] x (0.8 IVOMD +15.35). Non-structural carbohydrates (NSC) was calculated according to Smith (1995) as: NSC = 100 -(% NDF + % CP + % EE + % ash). Digestible energy (DE) was determined with the mobile nylon bag technique on pigs as described by Brand et al. (1989) . The DE values were corrected for overestimation by the regression equation (y = 1.998 + 0.788x), as described by Brand (2000) .
Analysis of variance (Snedecor & Cochran, 1980) was performed on the data to compare the different cultivars irrespective of grain type. Differences between mean values were indicated by least significant difference (LSD; P < 0.05). Cultivar data were pooled within grain type for comparisons between grain types. Due to differences in soil type, rainfall, fertiliser application and soil pre-treatment that occurred between localities and years, the effects of locality and year were not analysed. All statistical analyses were done with Statgraphics 5.0 (1991). Statistical significance is declared at P < 0.05, unless otherwise indicated.
Results and discussion
Results pertaining to the chemical analyses, physical properties and energy values of different cereal grain cultivars are presented in Tables 1 and 2 , respectively, and that of different species in Tables 3 and 4 , respectively. The mean CP value of all the grain cultivars varied between 132 g/kg (Cape barley, a 6-row feed barley) and 159 g/kg (Vloekskoot, a 2-row naked barley). In general, the naked oats cultivars had the highest CP value (Table 1) . Due to considerable variation within both cultivars and species, no pattern was observed to rank species according to CP value. However, when cultivar data were pooled for species, it appears that the naked grains had the highest CP values followed by wheat, triticale and oats, while brewer's and feed barley had the lowest CP values. Pomeranz (1981) found a negative relationship between yield and CP concentration of wheat and Smith & du Preez (1994) reported a higher yield for Palmiet than for Alpha. In the current study no differences were found between wheat cultivars regarding yield or CP concentration. The CP value of individual wheat samples varied between 109-219 g/kg, which is similar to the variation reported by Batterham et al. (1980) , viz. 122-217 g/kg. Kemm et al. (1986) collected 112 feed-grade wheat samples from different locations throughout South Africa and reported a mean CP value of 175 g/kg, which is higher than the mean value for wheat in the current study (148 g/kg). According to Taverner et al. (1975) the mean CP value of sound wheat was 133 g/kg. They also reported that the CP concentration decreased in sprouted and rust damaged wheat. The 2-row brewer's barley cultivar, Clipper, had a mean CP value of 136 g/kg. This was higher than the optimal CP for malting, viz. 125 g/kg CP (South African Wheat Board, 1992) . Van der Merwe & Smith (1991) quoted a mean value of 111 g/kg CP for South African barley. In the current study the mean CP value of feed barley was 135 g/kg. Bourdon et al. (1987) reported CP values of 116 g/kg and 107 g/kg for 2-row and 6-row barley, respectively. Both the naked barley cultivars analysed in the current study had a CP value of almost two percentage units higher than that of feed barley and these values were also considerably higher than the 126 g/kg for naked barley reported by Bourdon et al. (1987) . Radcliffe et al. (1983) found the mean CP value of nine different triticale cultivars from different locations in Southern Australia to vary from 112 to 141 g/kg. The variation between cultivars in the current study was smaller (139-154 g/kg CP), although the variation between individual samples was larger. Smith (1994) found the CP value of triticale in the Western Cape to vary from 85 g/kg to 224 g/kg, with a mean value of Van der Merwe & Smith (1991) was 113 g/kg CP. According to Van der Merwe & Smith (1991) the mean CP value of South African oats is 111 g/kg, while the current study indicated a mean value of 143 g/kg for oats produced in the Western Cape. Bourdon et al. (1987) reported CP values of 116 g/kg for oats and 151 g/kg for naked oats. In the current study, the mean CP value of naked oats was 159 g/kg. (7) 20 (4) 136 (26) 68 (11) 246 (43) 24 (4) 575 (52) (7) 20 (3) 134 (23) 94 (14) 290 (41) 24 (5) 528 (48) (9) 21 (5) 132 (24) 94 (15) 294 (43) 24 (5) 525 (53) (7) 21 (5) 139 (24) 82 (14) 274 (39) 23 (3) 537 (44) (6) 21 (4) 139 (23) 94 (12) 296 (36) 24 (3) 520 (45) (5) 18 (3) 154 (28) 31 (4) 185 (26) 25 (3) 617 (36) (4) 17 (2) 159 (25) 26 (4) 166 (23) 23 (2) 631 (31) (6) 16 (9) 148 (23) 38 (10) 170 (40) 25 (2) 639 (48 Brand (2000) The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html The mean ADF value of all the cultivars ranged from 26 g/kg for Vloekskoot (a 2-row naked barley) to 178 g/kg for Heros oats (Table 1 ). The oat cultivars had the highest ADF value, followed by the feed and brewer's barley cultivars, while wheat, triticale and the naked grain cultivars tended to be low in ADF. This pattern is also evident when cultivar data were pooled within species (Table 3) . Huge variations occurred within cultivar and species. Since ADF is negatively correlated with digestibility and energy content, the high ADF content of the oat cultivars impacted on the TDN and DE values (Table 4 ). According to Batterham et al. (1980) the ADF values of sound wheat ranged from 37 to 71 g/kg, while it ranged from 24 to 87 g/kg for weather damaged wheat. The NDF followed the same tendency as ADF. The mean NDF values of all the cultivars varied between 166 g/kg for Vloekskoot 2-row naked barley and 412 g/kg for Heros oats (Table 1 ). All the oat cultivars had NDF values >360 g/kg, the feed and brewer's barley cultivars values <300 g/kg, while wheat, triticale (except SCR 13) and naked grain cultivars had NDF values <200 g/kg. Pooled data (table 3) also confirmed this pattern. As with ADF, considerable variation in NDF content was observed within cultivars and species. Compared to the other barley cultivars, the lower ADF and NDF values in the naked barley cultivars are a result of the smaller husk-fraction of these cultivars. Bourdon et al. (1987) reported ADF and NDF values for 2-row, 6-row and naked barley of 63 g/kg, 75 g/kg, 22 g/kg and 174 g/kg, 209 g/kg, 123 g/kg, respectively. These values are much lower than values found in the current study (Table 3 ). The NDF values for wheat observed by Batterham et al. (1980) were considerably lower (100-152 g/kg) than values found in the current study. Campbell et al. (1995) found a negative relationship between test weight, ADF (r = -0.31) and NDF (r = -0.44), while they reported a positive relationship between test weight and starch (r = 0.43) in different cultivars of wheat grown on different localities over a three-year period. Oats differs from other cereal grains due to its higher fibre content. Oats contains 26% husks (Todorov, 1988) , which is one of the main reasons for the higher fibre content. According to Van der Merwe & Smith (1991) , oat husks contain 386 g/kg ADF and 718 g/kg NDF. These authors reported average ADF and NDF values for South African oats of 146 g/kg and 291 g/kg, respectively, which are lower than values found in the current study.
Although a marked variation in EE value was observed between cultivars for all the species, the mean EE value of all the barley, naked barley, wheat and triticale cultivars varied only between 21 g/kg (Usgen 18 triticale) and 26 g/kg (Palmiet wheat). The oat cultivars had EE values varying between 49 g/kg (Cederberg) and 97 g/kg (Bandicoot naked oats), with significant differences occurring both between and within cultivars. Pooled data indicated that oats had a higher (P < 0.05) mean EE value than barley, wheat and triticale, while naked oats had the highest EE value. The mean EE value of wheat in the current study was 37% higher than values observed by Traverner et al. (1975) . Batterham et al. (1980) reported values for different wheat cultivars that ranged from 17 to 21 g/kg, which are somewhat lower than mean values found in the current study. The mean EE value of 2-row and 6-row barley cultivars varied slightly around 24 g/kg, and for naked barley from 23 -25 g/kg, while variation between individual samples was higher. Bourdon et al. (1987) reported mean EE values of 23 g/kg, 21 g/kg and 23 g/kg for 2-row, 6-row and naked barley, respectively, which are quite similar to values in the current study. Van der Merwe & Smith (1991) reported the mean EE value for South African barley to be 22 g/kg, which is also in the range of the values in the current study. The mean EE value for triticale found in this study was 57% higher than the mean value for South African triticale (14 g/kg; Van der Merwe & Smith, 1991) . Individual triticale samples varied from 14 to 54 g/kg. Bourdon et al. (1987) reported an EE value of 58 g/kg for naked oats, which is much lower than the 97 g/kg found in the current study.
The mean ash value of all the cultivars (Table 1) varied between 14 g/kg (Palmiet wheat) and 27 g/kg (Heros oats). Although considerable variation occurred between cultivars and species, oats had the highest mean ash value. No clear pattern was observed to rank species.
The mean NSC value of all the grain cultivars varied between 349 g/kg (Heros oats) and 656 g/kg (Palmiet wheat) ( Table 1 ). Due to the higher NDF value of oats, all the oat cultivars (except naked oats) had NSC values <40%, while the NSC value of all the other grains was >52%. Pooled data (Table 3) indicated that wheat had the highest NSC value, followed by triticale, naked barley, brewer's barley, naked oats, feed barley and oats.
Mean grain yields of all the cultivars varied between 1333 t/ha (Heroes oats) and 3510 t/ha (SCR 13 triticale). Considerable variation occurred between both cultivars and species, due to factors such as soil type, rainfall, fertilisation and soil pre-treatment. Wheat and triticale cultivars had the highest yields (Table  1) . Pooled data indicated that triticale and wheat had significantly higher (P < 0.05) yields than the other grains. There were no significant differences in yield between the other grains.
Regarding hectolitre mass, mean values of all the grain cultivars varied from 41.0 kg/hl (Cederberg oats) to 78.0 kg/hl (Palmiet wheat, Table 1 ). The wheat cultivars had the highest density, with HLM values between 77.7 and 78.0 kg/hl, while the oat cultivars had the lowest density, with values ranging from 41.0 to 45.0 kg/hl. Wheat, naked barley and triticale all had densities of approximately 70 kg/hl and higher, while values were between 54 and 63 kg/hl for feed and brewers barley, below 50 kg/ha for naked oats and <43 kg/hl for oats (Table 3 ). The mean thousand seed mass (TSM) of all the cultivars varied between 21.4 g (Bandicoot naked oats) and 43.2 g (SCR 13 triticale). No pattern was observed for cultivars and species, but when cultivar data were pooled, 2-row naked barley had the highest TSM and naked oats the lowest. According to Corah & Kuhl (1985) a higher fibre fraction is normally associated with a lower density in small grains. All the oat cultivars were lower in hectolitre mass than the other cereal grains used in this study, except for the naked oat cultivar, Bandicoot. In the naked oat varieties the husks are removed from the kernels in the threshing process (Todorov, 1988) . According to Todorov (1988) the yield of naked oats is lower than that of normal oats, which corresponds with results found in the current study. The hectolitre mass of Bandicoot was only slightly higher than the oat cultivars (Table 2 ), but lower than that of the non-oat cultivars. This would suggest that the correlation between hectolitre mass and fibre content is not necessarily linear across all different grain types and that naked oats may be an exception to the rule. The same phenomenon was found for the DE content and the hectolitre mass of naked oats. By simply ranking grains in descending order of DE content, HLM values would also descend, while ADF, NDF and ash would be in ascending order, if the naked oats were excluded.
Mean in vitro organic matter digestibility values of all the cultivars varied between 664 g/kg (Perdeberg oats) and 946 g/kg (Dayan 6-row naked barley). The naked barley cultivars had significantly higher IVOMD and TDN values than any of the other grains. Wheat cultivars were second in ranking, followed by triticale, naked oats, brewer's barley and feed barley cultivars, while oat cultivars had the lowest IVOMD and TDN. This pattern was confirmed when cultivar data were pooled (Table 4) . Brand & Swart (1995) found that hectolitre mass of barley accounted for 50% of the variation in IVOMD, while percentage of screenings was associated with 32.6% of the variation in IVOMD. Crude fibre accounted for 41.4% and ADF for 35% of the variation in IVOMD of barley. The naked barley cultivars had higher IVOMD values, due to higher hectolitre mass and lower fibre fractions. Only the two naked barley cultivars were superior to triticale in terms of IVOMD and TDN. This is probably due to the lower fibre fraction (ADF and NDF) in the former. Wheat and naked barley cultivars also had higher hectolitre masses than triticale. Van der Merwe & Smith (1991) reported lower TDN values for triticale than for wheat (867 vs. 889 g/kg), while comparable TDN (and IVOMD) values were found for wheat and triticale in the current study. The TDN value reported by Van der Merwe & Smith (1991) for South African triticale is higher than the mean values found in the current study. The considerable variation that occurred within cultivars emphasises the importance of using actual values rather than table values.
Considerable variation in DE content was observed between samples within cultivars for all the grains. This can have a significant effect on animal performance and emphasises again the importance of using actual nutritive values of feedstuff rather than table values in animal nutrition. Mean DE-values of the tested cultivars (Table 2) varied between 12.6 MJ/kg (Perdeberg oats) and 18 MJ/kg (Bandicoot naked oats). Pooled data (Table 4 ) indicated that naked oats had a significantly higher DE content than wheat and triticale, followed by brewer's and feed barley, which had a significantly higher DE content than oats. Digestible energy values for wheat are related to test weight (hectolitre mass) and degree of damage (Taverner et al., 1975; Batterham et al., 1976) . The DE values determined by Taverner et al. (1975; 15 .2 MJ/kg) and Batterham et al. (1976; 15 .73 MJ/kg) for rust affected or weather damaged wheat, are lower than the values found in the current study. According to Batterham et al. (1976) the energy value of wheat decreased with 13% when the grain density decreased from 77 to 50 kg/hl. Van der Merwe & Smith (1991) reported a value of 16.2 MJ/kg for South African wheat, which corresponds with values found in the current study. Kemm et al. (1986) found a mean DE value of 14.95 MJ/kg for feed grade wheat. The wheat used in their study also had a lower mean hectolitre mass (72.2 kg/hl). The mean DE value of barley did not show a large variation between cultivars. The 2-row brewer's barley cultivar, Clipper, had a higher DE value than the 6-row feed barley cultivars. Batterham et al. (1980) found the mean DE value for 2-row brewer's barley (14.2 MJ/kg) to be slightly lower than that of 6-row feed barley (14.3 MJ/kg). Bourdon et al. (1987) reported values of 14.7 MJ/kg and 14.6 MJ/kg DE for 2-row and 6-row barley cultivars, respectively, compared to 14.9 MJ/kg and 14.4 MJ/kg in the current study. Individual samples varied form 10.3-16.5 MJ/kg. This observation does not support that of Batterham et al. (1980) , who found little variation in DE
Conclusions
Variation in chemical composition, physical characteristics and energy values observed between individual samples of cereal grains in this study, was higher than that documented in the literature. Such variation could impact on animal performance if diet formulations are based on mean table values. Values presented in this paper may be valuable, especially when specific cultivars are used in diet formulation.
The triticale cultivars, SCR 13, Kiewiet and Rex, and the wheat cultivars, Alpha and Palmiet, had the highest yields and would be preferred by grain producers. Naked oats, bread wheat (Palmiet) and the relatively new triticale varieties, Rex and Usgen 19, were superior in energy content, while the naked cultivars (both barley and oats) and the triticale cultivar, SCR 13, were superior in CP content and would be preferred by feed formulators.
The study presents an addition to the database of the chemical composition, physical characteristics and energy contents of South African feed grains. Additional information on these grains, such as amino acid composition, should be obtained in future work.
